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1
SEMICONDUCTOR LIGHT EMITTING
ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority on Japanese Patent Appli-
cation No. 2013-262438 filed on Dec. 19, 2013, the disclo-
sure of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to semiconductor light emit-
ting elements, and more particularly, to a semiconductor light
emitting element with high light extraction efficiency.

2. Description of the Related Art

Light emitting elements using a nitride semiconductor
material are known as light emitting elements that are able to
emit light within a wide range of wavelengths, from near-
ultraviolet light to red light. The general basic structure of the
nitride semiconductor light-emitting element includes an
n-type nitride semiconductor layer, an active layer, and a
p-type nitride semiconductor layer stacked on an insulating
substrate in this order. Further, an n-side electrode for ener-
gizing the n-type nitride semiconductor layer and a p-side
electrode for energizing the p-type nitride semiconductor
layer are formed at an upper surface side of the p-type nitride
semiconductor layer.

Electrode structures may affect characteristics of the light
emitting element (for example, output, light extraction effi-
ciency, and an element resistance of the light emitting ele-
ment, and the like). In order to improve the characteristics of
the light emitting elements, an electrode structure has been
studied from various viewpoints. For example, in the light
emitting element having an upper surface of the p-type nitride
semiconductor layer serving as a light emitting surface, the
metal electrode formed on the light emitting surface functions
as a light shielding member and therefore the light extraction
efficiency will be reduced. Particularly, when both the n-side
electrode and the p-side electrode are provided with an
extending electrode made of metal in order to diffuse current
into the entire light emitting element, the extending electrode
also serves as the light shielding member and therefore the
light extraction efficiency will be further reduced.

To address this problem, Japanese Patent Application No.
JP 2012-114343 A discloses an electrode wiring in which a
p-side electrode and an n-side electrode (mainly, extending
electrodes thereof) are stacked via an insulating layer so that
these electrodes partially overlap with each other as viewed
from the light emitting surface side. Partial overlapping of
these electrodes leads to a reduction of a light shielding area
shielded by the electrodes as compared to an electrode wiring
without overlap. As a result, the light extraction efficiency can
be enhanced.

According to JP 2012-114343 A, an insulating film is pro-
vided between the electrodes and semiconductor layers, and
each electrode is in electrical conduction with the corre-
sponding semiconductor layer through a plurality of penetrat-
ing electrodes. However, since the n-side electrode and the
p-side electrode overlap with each other so as to reduce the
light shielding area, it is difficult to connect each electrode to
the penetrating electrodes. For this reason, each electrode is
provided with a plurality of protrusions extending in a plane
parallel to the light emitting surface in order to connect each
electrode to the penetrating electrodes through the protru-
sions. The protrusions of the n-side electrode and the protru-
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sions of the p-side electrode are arranged so as to not overlap
with each other as viewed from the light emitting surface side.

SUMMARY OF THE INVENTION

Similar to the electrodes, the protrusions of each electrode
are formed of a metal film. The plurality of the protrusions
increases the light shielding area. As a result, the light extrac-
tion efficiency cannot be sufficiently improved.

An object of one embodiment of the present invention is to
provide a semiconductor light emitting element having high
light extraction efficiency.

A semiconductor light emitting element according to one
embodiment of the present invention is adapted to take out
light from the upper surface side thereof, comprising: a first
conductive type semiconductor layer being one of an n-type
semiconductor and p-type semiconductor; a light emitting
layer; a second conductive type semiconductor layer being
the other type semiconductor; the first conductive type semi-
conductor layer, the light emitting layer and the second con-
ductive type semiconductor layer being formed in this order
from a lower surface side of the light emitting element toward
anupper surface side thereof; a first electrode provided on the
first conductive type semiconductor layer, the first electrode
including a first pad portion and a first extending portion
extending from the first pad portion; a first insulating film
covering the first extending portion; a translucent electrode
connected to an upper surface of the second conductive type
semiconductor layer and extending over the first insulating
film; and a second electrode connected to the translucent
electrode at a position on the first insulating film, the second
electrode including a second pad portion, and a second
extending portion extending from the second pad portion
along the first extending portion so as to be superimposed
over the first extending portion.

According to one embodiment of the present invention,
since the second extending portion is disposed so as to be
superimposed over the first extending portion, a light shield-
ing area can be reduced by a superimposed area. The second
electrode is connected to the second conductive type semi-
conductor layer through the translucent electrode connected
to the upper surface of the second conductive type semicon-
ductor layer. Therefore, unlike JP 2012-114343 A, it is not
necessary to provide protrusions. As a result, the light emit-
ting element according to one embodiment of the present
invention can achieve a high light extraction efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic top view of a light emitting element
according to a first embodiment of the present invention.

FIG. 2A is a cross-sectional view taken along the line A-A
in FIG. 1, FIG. 2B is a cross-sectional view taken along the
line B-B in FI1G. 1, and FIG. 2C is a cross-sectional view taken
along the line C-C in FIG. 1.

FIG. 3 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the first
embodiment of the present invention.

FIG. 4A is a cross-sectional view taken along the line A-A
in FIG. 3, FIG. 4B is a cross-sectional view taken along the
line B-B in FIG. 3, and FIG. 4C is a cross-sectional view taken
along the line C-C in FIG. 3.

FIG. 5 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the first
embodiment of the present invention.



US 9,123,865 B2

3

FIG. 6A is a cross-sectional view taken along the line A-A
in FIG. 5, FIG. 6B is a cross-sectional view taken along the
line B-B inFIG. 5, and FIG. 6C is a cross-sectional view taken
along the line C-C in FIG. 5.

FIG. 7 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the first
embodiment of the present invention.

FIG. 8A is a cross-sectional view taken along the line A-A
in FIG. 7, FIG. 8B is a cross-sectional view taken along the
line B-B inFIG. 7, and FIG. 8C is a cross-sectional view taken
along the line C-C in FIG. 7.

FIG. 9 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the first
embodiment of the present invention.

FIG.10A is a cross-sectional view taken along the line A-A
in FIG. 9, FIG. 10B is a cross-sectional view taken along the
line B-B in FIG. 9, and FIG. 10C is a cross-sectional view
taken along the line C-C in FIG. 9.

FIG. 11 is a schematic top view of a light emitting element
according to a second embodiment of the present invention.

FIG.12A is a cross-sectional view taken along the line D-D
in FIG. 11, FIG. 12B is a cross-sectional view taken along the
line E-E in FIG. 11, and FIG. 12C is a cross-sectional view
taken along the line F-F in FIG. 11.

FIG. 13 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the second
embodiment of the present invention.

FIG. 14A is a cross-sectional view taken along the line D-D
in FIG. 13, FIG. 14B is a cross-sectional view taken along the
line E-E in FIG. 13, and FIG. 14C is a cross-sectional view
taken along the line F-F in FIG. 13.

FIG. 15 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the second
embodiment of the present invention.

FIG.16A is a cross-sectional view taken along the line D-D
in FIG. 15, FIG. 16B is a cross-sectional view taken along the
line E-E in FIG. 15, and FIG. 16C is a cross-sectional view
taken along the line F-F in FIG. 15.

FIG. 17 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the second
embodiment of the present invention.

FIG.18A is a cross-sectional view taken along the line D-D
in FIG. 17, FIG. 18B is a cross-sectional view taken along the
line E-E in FIG. 17, and FIG. 18C is a cross-sectional view
taken along the line F-F in FIG. 17.

FIG. 19 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the second
embodiment of the present invention.

FIG.20A is a cross-sectional view taken along the line D-D
in FIG. 19, FIG. 20B is a cross-sectional view taken along the
line E-E in FIG. 19, and FIG. 20C is a cross-sectional view
taken along the line F-F in FIG. 19.

FIG. 21 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the second
embodiment of the present invention.

FIG.22A is a cross-sectional view taken along the line D-D
in FIG. 21, FIG. 22B is a cross-sectional view taken along the
line E-E in FIG. 21, and FIG. 22C is a cross-sectional view
taken along the line F-F in FIG. 21.

FIG. 23 is a schematic top view of a light emitting element
according to a third embodiment of the present invention.

FIG. 24A is a cross-sectional view taken along the line G-G
in FIG. 23, FIG. 24B is a cross-sectional view taken along the
line H-H in FIG. 23, and FIG. 24C is a cross-sectional view
taken along the line I-I in FIG. 23.
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FIG. 25 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the third
embodiment of the present invention.

FIG. 26A is a cross-sectional view taken along the line G-G
in FIG. 25, FIG. 26B is a cross-sectional view taken along the
line H-H in FIG. 25, and FIG. 26C is a cross-sectional view
taken along the line I-1 in FIG. 25.

FIG. 27 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the third
embodiment of the present invention.

FIG. 28A is a cross-sectional view taken along the line G-G
in FIG. 27, FIG. 28B is a cross-sectional view taken along the
line H-H in FIG. 27, and FIG. 28C is a cross-sectional view
taken along the line I-1 in FIG. 27.

FIG. 29 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the third
embodiment of the present invention.

FIG.30A is a cross-sectional view taken along the line G-G
in FIG. 29, FIG. 30B is a cross-sectional view taken along the
line H-H in FIG. 29, and FIG. 30C is a cross-sectional view
taken along the line I-1 in FIG. 29.

FIG. 31 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the third
embodiment of the present invention.

FIG.32A isa cross-sectional view taken along the line G-G
in FIG. 31, FIG. 32B is a cross-sectional view taken along the
line H-H in FIG. 31, and FIG. 32C is a cross-sectional view
taken along the line I-1 in FIG. 31.

FIG. 33 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the third
embodiment of the present invention.

FIG. 34A is a cross-sectional view taken along the line G-G
in FIG. 33, FIG. 34B is a cross-sectional view taken along the
line H-H in FIG. 33, and FIG. 34C is a cross-sectional view
taken along the line I-1 in FIG. 33.

FIG. 35 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the third
embodiment of the present invention.

FIG.36A is a cross-sectional view taken along the line G-G
in FIG. 35, FIG. 36B is a cross-sectional view taken along the
line H-H in FIG. 35, and FIG. 36C is a cross-sectional view
taken along the line I-1 in FIG. 35.

FIG. 37 is a schematic top view of a light emitting element
according to a fourth embodiment of the present invention.

FIG. 38A is a cross-sectional view taken along the line J-J
in FIG. 37, FIG. 38B is a cross-sectional view taken along the
line K-K in FIG. 37, and FIG. 38C is a cross-sectional view
taken along the line L-L in FIG. 37.

FIG. 39 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the fourth
embodiment of the present invention.

FIG. 40A is a cross-sectional view taken along the line J-J
in FIG. 39, FIG. 40B is a cross-sectional view taken along the
line K-K in FIG. 39, and FIG. 40C is a cross-sectional view
taken along the line L-L in FIG. 39.

FIG. 41 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the fourth
embodiment of the present invention.

FIG. 42A is a cross-sectional view taken along the line J-J
in FIG. 41, FIG. 42B is a cross-sectional view taken along the
line K-K in FIG. 41, and FIG. 42C is a cross-sectional view
taken along the line L-L in FIG. 41.

FIG. 43 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the fourth
embodiment of the present invention.

FIG. 44A is a cross-sectional view taken along the line J-J
in FIG. 43, FIG. 44B is a cross-sectional view taken along the
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line K-K in FIG. 43, and FIG. 44C is a cross-sectional view
taken along the line L-L in FIG. 43.

FIG. 45 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the fourth
embodiment of the present invention.

FIG. 46 A is a cross-sectional view taken along the line J-J
in FIG. 45, FIG. 46B is a cross-sectional view taken along the
line K-K in FIG. 45, and FIG. 46C is a cross-sectional view
taken along the line L-L in FIG. 45.

FIG. 47 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the fourth
embodiment of the present invention.

FIG. 48A is a cross-sectional view taken along the line J-J
in FIG. 47, FIG. 48B is a cross-sectional view taken along the
line K-K in FIG. 47, and FIG. 48C is a cross-sectional view
taken along the line L-L in FIG. 47.

FIG. 49 is a schematic top view for explaining a manufac-
turing method of the light emitting element in the fourth
embodiment of the present invention.

FIG. 50A is a cross-sectional view taken along the line J-J
in FIG. 49, FIG. 50B is a cross-sectional view taken along the
line K-K in FIG. 49, and FIG. 50C is a cross-sectional view
taken along the line L-L in FIG. 49.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail below with reference to the accompanying
drawings. In the description below, terms indicative of spe-
cific directions and positions (for example “upper”, “lower”,
“right”, “left”, and other terms including these terms) are
used if needed. These terms are used for better understanding
of'the embodiments of the present invention with reference to
the accompanying drawings. The terms are not intended to
limit the technical scope of the present invention. The same
parts or members are designated by the same reference
numerals throughout the drawings.

First Embodiment

FIGS. 110 10C

A light emitting element 1 according to one embodiment of
the present invention is shown in FIGS. 1, and 2A to 2C. The
light emitting element 1 is suitable for a mounting configu-
ration in which light is taken out from a side of an upper
surface 1a of the light emitting element 1 (a so-called “face-
up mounting”). A first feature of this embodiment is that a
second extending portion 22 of a second electrode 20 is
disposed so as to be superimposed over a first extending
portion 12 of afirst electrode 10 as viewed from the side of the
upper surface 1a of the light emitting element 1 (see FIGS. 1,
and 2A to 2C). A second feature of this embodiment is that a
second electrode 20 is formed at an upper side of a first
insulating film 31 and is in electrical conduction with a sec-
ond conductive type semiconductor layer 53 through a trans-
lucent electrode 25 extending from an upper surface 53a of
the second conductive type semiconductor layer 53 onto the
first insulating film 31 (see FIGS. 2A to 2C).

The light emitting element 1 according to this embodiment
will be described in detail below with reference to the accom-
panying drawings.

The light emitting element 1 shown in FIGS. 1, and 2A to
2C is provided with a substrate 60 at a side of a lower surface
15 and a semiconductor laminate 50 at a side of the upper
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surface 1a. The electrodes 10 and 20 for energizing the light
emitting element 1 are formed on an upper surface of the
semiconductor laminate 50.

The semiconductor laminate 50 includes a first conductive
type semiconductor layer (n-type semiconductor layer) 51, a
light emitting layer 52, and the second conductive type semi-
conductor layer (p-type semiconductor layer) 53 which are
formed in this order from the lower surface 15 side of the light
emitting element 1 toward the upper surface 1a side thereof
(that is, from an upper surface 60a of the substrate 60 to the
upper surface 1a of the light emitting element 1). As shown in
FIGS. 2A to 2C, an exposed portion 55 for exposing the
n-type semiconductor layer 51 is provided at a side of the
p-type semiconductor layer 53 of the semiconductor laminate
50.

The first electrode (n-side electrode) 10 is provided on the
n-type semiconductor layer 51 and is exposed within the
exposed portion 55. The n-side electrode 10 includes a first
pad portion (n-side pad portion) 11 and the first extending
portion (n-side extending portion) 12 extending from the
n-side pad portion 11. The n-side pad portion 11 is used to
connect a metal wire or the like to be energized to the light
emitting element 1. The n-side extending portion 12 is pro-
vided to spread current to the n-type semiconductor layer 51.

In this embodiment, the n-type semiconductor layer 51 and
the n-side extending portion 12 are in contact with each other
and therefore the n-type semiconductor layer 51 and the
n-side electrode 10 are electrically connected to each other.
The n-side pad portion 11 is provided on the n-side extending
portion 12 (see FIG. 2A).

As shown in FIGS. 2A to 2C, the n-side extending portion
12 provided within the exposed portion 55 is covered with the
first insulating film 31. The first insulating film 31 has an
opening 31c¢, and the n-side pad portion 11 is exposed from
the opening 31c¢ (see FIGS. 1 and 2A). In this way, the n-side
extending portion 12 is substantially insulated from an exter-
nal atmosphere, but can be in electrical conduction with an
external power source through the n-side pad portion 11.

The first insulating film 31 may further cover a side surface
55¢ of the exposed portion 55. In order to surely insulate the
side surface 55¢, the first insulating film 31 may extend
beyond the exposed portion 55 up to a nearby region of the
upper surface 53a of the p-type semiconductor layer 53
located near the exposed portion 55.

The n-side extending portion 12 and the side surface 55¢ of
the exposed portion 55 are insulated from each other by the
first insulating film 31 positioned therebetween. As a result, it
can be surely avoided that the n-side extending portion 12 is
in contact with the active layer 52 and/or the p-type semicon-
ductor layer 53 exposed at the side surface 55¢.

A translucent electrode 25 is disposed on a side of the upper
surface 53a of the p-type semiconductor layer 53 so as to
connect with the upper surface 53a thereof. The translucent
electrode 25 is provided to diffuse the current into the p-type
semiconductor layer 53, while allowing the light emitted
from the light emitting element 1 to pass therethrough.

The translucent electrode 25 further extends over the first
insulating film 31 to cover substantially the entire upper sur-
face 1a of the light emitting element 1 (see FIG. 1).

The translucent electrode 25 has an opening 25¢. An inner
diameter of the opening 25c¢ is larger than that of the opening
31c¢ of the first insulating film 31. The opening 25¢ of the
translucent electrode 25 is positioned so that the opening 31¢
of the first insulating film 31 is entirely exposed from the
opening 25¢ of the translucent electrode 25. As a result, it can
prevent the translucent electrode 25 from contact with the
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n-side electrode 10 (that is, the n-side extending portion 12
and the n-side pad portion 11) (see FIGS. 1 and 2A).

The second electrode (p-side electrode) 20 is disposed on
the translucent electrode 25 so as to connect with the trans-
lucent electrode 25. The p-side electrode 20 includes a second
pad portion (p-side pad portion) 21 and the second extending
portion (p-side extending portion) 22 extending from the
second pad portion 21. The p-side pad portion 21 is used to
connect a metal wire or the like to be energized to the light
emitting element 1. The p-side extending portion 22 is pro-
vided to spread current to the translucent electrode 25 and the
p-type semiconductor layer 53.

The p-side electrode 20 is connected with the translucent
electrode 25 at a position on the first insulating film 31. As
shown in FIG. 1, the p-side extending portion 22 extends
along the n-side extending portion 12. The p-side extending
portion 22 is disposed so as to be superimposed over the
n-side extending portion 12 as viewed from the upper surface
1a of the light emitting element 1 (see FIGS. 1, and 2A to 2C).
The n-side electrode 10 may be also located directly under the
p-side pad portion 21.

When the light emitting element 1 emits light, most of the
light from the active layer 52 passes through the p-type semi-
conductor layer 53 and the translucent electrode 25 and is
taken out of the upper surface 1a of the light emitting element
1 (see FIGS. 2B and 2C). Apart of the light emitted is reflected
within the semiconductor laminate 50 and propagates in the
lateral direction. In some cases, the propagating light enters,
for example, the n-type semiconductor layer 51 located below
the exposed portion 55 and reaches the lower surface of the
n-side electrode 10. This light is reflected by the n-side elec-
trode 10, and therefore does not reach an area above the n-side
electrode 10. In one embodiment of the present invention,
since at least a part of the p-side electrode 20 is disposed on
the upper side of the n-side electrode 10, no light reaches at
least part of the p-side electrode 20.

According to a conventional light emitting element, the
p-side electrode and the n-side electrode are normally dis-
posed and spaced apart from each other in the viewpoint of
enhancing the light emission efficiency. Therefore, the p-side
electrode is usually not superimposed over the n-side elec-
trode at all. As a result, the light propagating through the
semiconductor laminate 50 reaches not only the n-side elec-
trode but also the p-side electrode. The light is shielded by
both the p-side electrode and the n-side electrode, which
reduces the light extraction efficiency.

In contrast, in one embodiment of the present invention, at
least a part of the p-side electrode 20 is superimposed over the
n-side electrode 10, and therefore the light does not reach at
least part of the p-side electrode 20. As a result, the light
shielding area can be reduced without decreasing the areas of
the n-side electrode 10 and the p-side electrode 20. Therefore,
the light extraction efficiency can be improved.

In particular, the nitride semiconductor light-emitting ele-
ment with the structure of this embodiment has the significant
effect of improving the light extraction efficiency.

The n-side electrode of the n-type nitride semiconductor
can be formed using metal material such as Al or the like
having a high reflectivity. The reflectivity of the n-side elec-
trode can be increased and the absorption of light reaching the
n electrode can be suppressed, and as a result, the light extrac-
tion efficiency can be improved.

On the other hand, it is difficult to use Al for forming the
p-side electrode of the p-type nitride semiconductor for the
following reasons. Since the p-type nitride semiconductor has
high electric resistance, an electrode must be in contact with
substantially an entire surface of the p-type nitride semicon-
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ductor. In most cases, the translucent electrode made of con-
ductive oxide (e.g., ITO) is provided on the surface of the
p-type nitride semiconductor. When a p-side electrode made
of Al is in contact with the translucent electrode, it is likely
that Al is oxidized at a contact surface with the translucent
electrode to be insulated (in form of Al,O;). In such a case,
the translucent electrode will be insulated from the p-side
electrode.

For this reason, the metal material having high reflectivity
cannot be used for the p-type electrode. As a result, once the
light reaches the p-side electrode formed of a low-reflectivity
material, the p-side electrode absorbs the light and therefore
light extraction efficiency is reduced.

On the other hand, the light emitting element 1 of this
embodiment can reduce the amount of light reaching the
p-side electrode. Therefore, even when the p-side electrode is
formed of a low-reflectivity material, the light absorption by
the p-side electrode can be surely decreased, and therefore the
light extraction efficiency can be improved.

JP 2012-114343 A discloses an n-side electrode and a
p-side electrode that are partially superimposed over each
other. However, JP 2012-114343 A is different from one
embodiment of the present invention for the following point:
penetrating electrodes that penetrate an insulating film and a
semiconductor layer are used so that n-side and p-side elec-
trodes are in electrical conduction with the n-type semicon-
ductor and p-type semiconductor layers, respectively; and
each electrode has protrusions for connecting the penetrating
electrode. These differences cause some problems in the light
emitting element disclosed in JP 2012-114343 A.

The penetrating electrode provided in the light emitting
element of JP 2012-114343 A has a small inner diameter and
tends to be of a higher electric resistance. Furthermore, the
smaller inner diameter of the penetrating electrode causes the
penetrating electrode to be in contact with the semiconductor
layer in a smaller area. As a result, a contact resistance
between the penetrating electrode and the semiconductor
laminate is increased. An electric resistance of the entire light
emitting element is increased with increasing in electric resis-
tance.

In particular, in the case of the nitride semiconductor light-
emitting element, since the p-type nitride semiconductor
layer has the high resistance, the contact resistance between
the p-type nitride semiconductor layer and the p-side pen-
etrating electrode will be higher. Although JP 2012-114343 A
discloses that the translucent electrode can be formed on the
upper surface of the p-type nitride semiconductor layer, the
conductive oxide material (such as ITO) for forming the
translucent electrode has a sufficiently high resistance as
compared with the metal material. As long as a penetrating
electrode with a small diameter is used, drastic decrease of the
electric resistance of the light emitting element cannot be
expected.

The protrusion provided in each electrode is formed of the
same metal material as that of the electrode as disclosed in JP
2012-114343 A. The protrusions increase the light shielding
area. Thatis, according to JP 2012-114343 A, while the n-side
electrode and p-side electrode are partly superimposed over
each other in order to decrease the light shielding area, the
protrusions must be provided in order to electrically connect
these electrodes to the semiconductor layers, the protrusions
increasing the light shielding area. As a result, the light shield-
ing area cannot be sufficiently decreased, and the light extrac-
tion efficiency also cannot be sufficiently improved.

Furthermore, in JP 2012-114343 A, the contact area
between the penetrating electrode and the semiconductor
layer is small, and therefore a current spreading region from
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one penetrating electrode is narrow. If the number of the
penetrating electrodes is small, the light emission distribution
would get worse. If the number of penetrating electrodes is
increased so as to improve the light emission distribution, the
number of protrusions also has to be increased. From the
viewpoint of decreasing the light shielding area as the object
of JP 2012-114343 A, the number of penetrating electrodes
has to be suppressed. As a result, it is difficult to achieve the
excellent light emission distribution.

In contrast, according to the light emitting element 1 of this
embodiment, the entire lower surface of the n-side electrode
10 (i.e. a lower surface of the n-side extending portion 12) is
in contact with the n-type semiconductor layer 51 (see FIGS.
2A 10 2C), and the translucent electrode 25 in connection with
the p-side electrode 20 is widely in contact with the p-type
semiconductor layer 53. Therefore, the contact resistance
between each electrode and the corresponding semiconductor
layer can be suppressed to a lower level. Additionally, in the
light emitting element 1 of this embodiment, the translucent
electrode 25 is used as a member for electrically connecting
the p-side electrode 20 with the p-side semiconductor layer
53, and therefore the contact area between the p-side elec-
trode 20 and the translucent electrode 25 can be increased
without decreasing the light extraction efficiency. For
example, the translucent electrode 25 and the p-side electrode
20 are in contact with each other at the entire lower surface of
the p-side extending portion 22 (see FIGS. 2A to 2C). There-
fore, the contact resistance between the translucent electrode
25 and the p-side electrode 20 can be decreased. As a result,
the electric resistance of the entire light emitting element 1
can be decreased. Furthermore, a “power efficiency (Im/W)”
which is obtained by dividing a flux of light (in units of
lumens (Im)) by a power consumption (W), can be improved.

In this embodiment, the n-side electrode 10 is in direct
contact with the n-side semiconductor layer 51, and the p-side
electrode 20 is connected to and by the translucent electrode
25 having translucency. That is, in this embodiment, the pro-
trusion having the light shielding property does not need to be
additionally provided, unlike JP 2012-114343 A. Therefore,
the light extraction efficiency can be sufficiently improved by
decreasing the light shielding area through superimposing the
p-side electrode 20 over the n-side electrode 10. That is, this
embodiment can provide the light emitting element 1 with a
high output. From the top side view, a ratio of the n-side and
p-side electrodes 10 and 20 to the entire light emitting ele-
ment 1 can be, for example, 20% or less with respect to the
entire area of the light emitting element 1.

In this embodiment, as mentioned above, the entire lower
surface (lower surface of the n-side extending portion 12) of
the n-side electrode 10 is in contact with the n-type semicon-
ductor layer 51 (see FIGS. 2A to 2C), and the translucent
electrode 25 connected to the p-side electrode 20 is widely in
contact with the p-type semiconductor layer 53, and therefore
the current can be widely spread. This arrangement can pro-
vide the light emitting element with an excellent emission
intensity distribution (that is, with a small deviation of emis-
sion intensity).

In the light emitting element 1 of this embodiment, the
p-side electrode 20 is formed over the n-side electrode 10
through the first insulating film 31, and therefore the shapes
and formation positions of the p-side electrode 20 and n-side
electrode 10 can be determined without restrictions on the
positional relationship therebetween or the like. Taking into
consideration the emission intensity distribution, the p-side
electrode 20 and the n-side electrode 10 are formed to be
line-symmetric with respect to the center line of the light
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emitting element 1 in order to improve the in-plane unifor-
mity of the emission intensity.

As aresult, the light emitting element 1 of this embodiment
can achieve at least one effect (preferably, a plurality of
effects), including reduction in resistance of the light emitting
element 1, increase in output, and improvement of power
efficiency (Im/W).

In this embodiment, the n-side extending portion 12 is
formed only at a position on the n-type semiconductor layer
51, which reduces the risk of short-circuit. Specifically,
assume that, for example, a part of the n-side extending por-
tion 12 is formed over the p-type semiconductor layer 53 via
an insulating film (in the second to fourth embodiments men-
tioned below). In this case, if the insulating film has a crack,
gap, or the like, the n-side extending portion 12 might be in
contact with the p-type semiconductor layer 53, causing a
leakage of current. On the other hand, in this embodiment, the
n-side extending portion 12 is formed only ata position onthe
n-type semiconductor layer 51, and therefore such a risk can
be reduced.

Although this embodiment shows the form in which the
p-side electrode 20 is superimposed over the translucent elec-
trode 25 extending over the first insulating film 31, the present
invention is not limited thereto, and may have any other form
as long as the translucent electrode 25 is electrically con-
nected to the p-side electrode 20. For example, the translucent
electrode 25 may not be superimposed over the p-type semi-
conductor layer 53 in the same plane, but instead the edge of
the translucent electrode 25 and the edge of the semiconduc-
tor layer 53 can be in contact with each other. Alternatively,
after the p-side electrode 20 is provided directly on the first
insulating film 31, the translucent electrode 25 can also be
provided to cover the first insulating film 31 and the p-side
electrode 20. In the latter case, an opening for exposing the
p-side pad portion 21 of the p-side electrode 20 is provided in
the translucent electrode 25, which enables wire bonding or
the like with the p-side pad portion 21. The contact area
between the p-side electrode 20 and the translucent electrode
25 is preferably large. For example, the contact area can be
larger by superimposing one electrode over the other elec-
trode as compared to the form in which only the edges of both
the electrodes are in contact with each other.

Like this embodiment, from the top view, it is desirable that
the p-side electrode 20 is fully superimposed over the n-side
electrode 10 (see FIGS. 1 and 2A to 2C), but the present
invention is not necessarily limited thereto. In particular, at
least most of the p-side extending portion 22 (for example,
70% or more, preferably 80% or more, and most preferably
90% or more of an area of the p-side extending portion 22) is
superimposed over the n-side electrode 10, and therefore the
light extraction efficiency can be effectively and sufficiently
improved.

This is because the p-side pad portion 21 can be formed in
a position far away from the strong light-emission region (or
normally near the center of the light emitting element 1), for
example, in the vicinity of the edge of the light emitting
element, while the p-side extending portion 22 can be formed
in the vicinity of the center of the light emitting element to
diffuse sufficient current into the strong light-emission
region. For example, in this embodiment, a part of p-side
extending portion 222 is provided across the center of the
light emitting element 1. In this case, the p-side extending
portion 22 tends to have a significant light shielding effect as
compared to the p-side pad portion 21. Most of the p-side
extending portion 22 is superimposed over the n-side elec-
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trode 10 in order to reduce the light shielding area, and there-
fore the light extraction efficiency can be effectively
improved.

Further, from the top view, 90% or more of an area of the
p-side electrode 20 is preferably superimposed over the
n-side electrode 10. More preferably, 95% or more, and still
more preferably, 98% or more, and most preferably, 100% of
the area of the p-side electrode 20 (for example, the light
emitting element 1 shown in FIGS. 1 and 2A to 2C) is super-
imposed over the n-side electrode 10. The light reaching the
p-side electrode 20 can be drastically decreased, and there-
fore the light extraction efficiency of the light emitting ele-
ment can be improved.

The n-side extending portion 12 preferably has a plurality
of'parts extending in the same direction from the top view. For
example, a part of n-side extending portion 121 has portions
shown in FIG. 2B which extend in the same direction and are
arranged in parallel with each other as shown in FIG. 1. For
example, each of the parts of n-side extending portion 121 to
123 has a portion shown in FIG. 2C, and these portions extend
in the same direction and are arranged in parallel with each
other as shown in FIG. 1. Similarly to the p-side extending
portion 22 formed over the n-side extending portion 12, the
p-side extending portion 22 preferably has a plurality of parts
extending in the same direction. As a result, the light emitting
element 1 can uniformly emit the light, thereby improving the
light emission efficiency.

The manufacturing method of the light emitting element 1
in this embodiment will be described in detail below with
reference to FIGS. 1 to 10C.

1. Formation of Semiconductor Laminate 50

As shown in FIGS. 3 and 4A to 4C, the n-type semicon-
ductor layer 51, the light emitting layer 52, and the p-type
semiconductor layer 53 are formed in this order over the
upper surface 60a of the substrate 60 to thereby form the
semiconductor laminate 50. Then, the p-type semiconductor
layer 53 and the light emitting layer 52 are partly removed to
form the exposed portion 55 from which the n-type semicon-
ductor layer 51 is exposed. In this embodiment, the exposed
portion 55 is a trench (see FIGS. 4B and 4C), and has a
predetermined shape from the top view (see FIG. 3). The
exposed portion 55 in this embodiment includes a first part
extending in a substantially square shape, a second part
extending in a lateral direction and connecting the midpoints
of two opposed sides (which are spaced apart in the lateral
direction and extend in parallel with each other in the longi-
tudinal direction in FIG. 3) of the first part, and circular parts
each provided at the intersection of the first and second parts,
from the top view of FIG. 3.

The exposed portion 55 can be provided in various meth-
ods.

For example, as mentioned above, after uniformly depos-
iting the semiconductor laminate 50 on the substrate 60, the
p-type semiconductor layer 53 and the light emitting layer 52
are partly removed by etching or the like. This method is
technically established and can be advantageously carried out
relatively easily.

In another method, when the semiconductor laminate 50 on
the substrate 60 is formed, the n-type semiconductor layer 51
is formed over the entire upper surface 60a of the substrate 60,
and then the light emitting layer 52 and the p-type semicon-
ductor layer 53 are formed in a predetermined pattern so as to
leave parts (which are to be the exposed portion 55 later)
where the light emitting layer 52 and the p-type semiconduc-
tor layer 53 are not formed. This method does not need the
step of partly removing the light emitting layer 52 and p-type
semiconductor layer 53, but requires a special operation for
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growing the light emitting layer 52 and p-type semiconductor
layer 53 in the predetermined pattern.
2. Formation of N-Side Extending Portion 12

As shown in FIGS. 5 and 6A to 6C, the n-side extending
portion 12 (121 to 123) is formed on the n-type semiconduc-
tor layer 51 exposed on the bottom surface of the exposed
portion 55. The n-side extending portion 12 is represented by
the three reference numerals 121 to 123, which is to clarify the
corresponding relationship of the n-side extending portion 12
between the top view (see FIG. 5, etc.) and the cross-sectional
view (see FIGS. 6A to 6C, etc.)

The n-side extending portion 12 is provided in the exposed
portion 55 to thereby electrically connect the n-type semicon-
ductor layer 51 to the n-side extending portion 12. The n-type
semiconductor layer 51 needs only to be electrically con-
nected to the n-side extending portion 12. Therefore, a con-
ductive member may be placed between the n-type semicon-
ductor layer 51 and the n-side extending portion 12, in
addition to the case where the n-side extending portion 12 is
directly formed on the n-type semiconductor layer 51 as
shown in FIGS. 6A to 6C.

When the n-side extending portion 12 is formed, the n-side
extending portion 12 is formed to be spaced apart from the
side surface 55¢ of the exposed portion 55 so as not to be in
contact with the side surface 55¢. This arrangement can pre-
vent a short circuit due to the contact between the n-side
extending portion 12 and the light emitting layer 52 and/or the
p-type semiconductor layer 53 exposed on the side surface
55¢ that would be caused by the contact of the n-side extend-
ing portion 12 with the side surface 55¢ of the exposed portion
55.

3. Formation of First Insulating Film 31

As shown in FIGS. 7 and 8A to 8C, a first insulating film 31
is formed to cover the n-side extending portion 12 provided in
the exposed portion 55. The first insulating film 31 is provided
with an opening 31¢ from which the n-side extending portion
12 is partly exposed. The first insulating film 31 is adapted to
insulate the n-side extending portion 12 from the p-side elec-
trode (p-side electrode 20 and translucent electrode 25). In
order to prevent the p-side and n-side electrodes from con-
tacting the side surface 55¢ of the exposed portion 55, the first
insulating film 31 preferably covers the side surface 55¢ of the
exposed portion 55. At this time, the first insulating film 31
may extend up to the upper surface 53a of the p-type semi-
conductor layer 53 near the exposed portion 55 while over-
coming the exposed portion 55 to surely insulate the side
surface 55c¢.

As mentioned above in “2. Formation of N-side Extending
Portion 12, a clearance is provided between the n-side
extending portion 12 and the side surface 55¢ of the exposed
portion 55 in forming the n-side extending portion 12. When
the first insulating film 31 is formed, the clearance may be
filled with the first insulating film 31. As a result, the n-side
extending portion 12 can be surely insulated from the side
surface 55¢ by the first insulating film 31.

4. Formation of Translucent Electrode 25

As shown in FIGS. 9 and 10A to 10C, the translucent
electrode 25 is formed to cover almost all of the upper surface
53a of the p-type semiconductor layer 53 and the upper sur-
face 31aq of the first insulating film 31. As a result, the trans-
lucent electrode 25 is connected to the upper surface 53a of
the p-type semiconductor layer 53 and extends over the first
insulating film 31.

An opening 25c¢ is provided in the translucent electrode 25,
and an inner diameter of the opening 25c¢ is larger than that of
the opening 31c¢ of the first insulating film 31. The translucent
electrode 25 is positioned such that the entire opening 31¢ of



US 9,123,865 B2

13

the first insulating film 31 is exposed from the opening 25c¢.
As a result, the n-side extending portion 12 is partially
exposed through the opening 25¢ of the translucent electrode
25 and the opening 31c¢ of the first insulating film 31, and the
translucent electrode 25 can be avoided from being in contact
with the n-side extending portion 12.

When the translucent electrode 25 is formed of conductive
oxide, such as ITO, heat treatment can be carried out after
formation of the translucent electrode 25 so as to reduce the
contact resistance between the translucent electrode 25 and
the p-type semiconductor layer 53, and to increase the trans-
parency of the translucent electrode 25. The heat treatment
may be performed at any stage until the light emitting element
1 is completed after formation of the translucent electrode 25.
For example, the heat treatment can be performed before the
p-side electrode 20 is formed.

5. Formation of P-Side Electrode 20 (P-Side Pad P Portion 21
and P-Side Extending Portion 22) and N-Side Pad Portion 11

As shown in FIGS. 1 and 2A to 2C, the p-side electrode 20
(p-side pad portion 21 and p-side extending portion 22) is
formed on the translucent electrode 25, whereby the p-side
electrode 20 is connected to the translucent electrode 25. At
this time, the p-side extending portion 22 is formed to extend
along the n-side extending portion 12 (see FIG. 1), and
arranged to be superimposed over the n-side extending por-
tion 12 via the first insulating film 31 (see FIGS. 1 and 2A to
2C). In this example, the p-side pad portion 21 and the p-side
extending portion 22 are integrally formed together at the
same time, but are not limited thereto. For example, the p-side
pad portion 21 and the p-side extending portion 22 may be
formed in different steps when these pad portions are
intended to be formed in different thicknesses or of different
metals. In order to form the thicker p-side pad portion 21, first
the p-side pad portion 21 and the p-side extending portion 22
may be formed at the same time, and then an additional metal
layer may be formed over only the p-side pad portion 21.

At the same time as the formation of the p-side electrode
20, the n-side pad portion 11 may be formed on a part of the
n-side extending portion 12 exposing through the opening
25¢ of the translucent electrode 25 and through the opening
31c of the first insulating film 31. When the p-side electrode
20 and the n-side pad portion 11 are formed at the same time,
the number of manufacturing steps can be decreased. The
p-side electrode 20 and the n-side pad portion 11 are not
limited thereto, and may be independently formed when the
p-side electrode and the n-side pad portion are intended to be
formed of different metals. Here, the n-side pad portion 11 is
provided as a separate member from the n-side extending
portion 12. Without providing the separate member, a part of
the n-side extending portion 12 can serve as the n-side pad
electrode. In this case, the uppermost surface of the n-side
extending portion 12 may be formed of material appropriate
for connection with a metal wire or the like (such as Au).

In the obtained light emitting element 1 of this embodi-
ment, the p-side extending portion 22 of the p-side electrode
20 is superimposed over the n-side extending portion 12 of
the n-side electrode 10. As a result, the light shielding area can
be decreased only by a superimposed area. The p-side elec-
trode 20 is connected to the p-side semiconductor layer 53
through the translucent electrode 25 connected to the upper
surface 53a of the p-type semiconductor layer 53. The n-side
electrode 10 is formed on the n-type semiconductor layer 51
exposed on the exposed portion 55 in order to be connected to
the n-type semiconductor layer 51. This arrangement elimi-
nates the necessity of forming the penetrating electrode, and
the protrusion for connection with the penetrating electrode,
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unlike JP 2012-114343 A. As a result, the light emitting
element 1 in this embodiment can improve the light extraction
efficiency.

Second Embodiment
FIGS. 11 to 22C

A light emitting element 2 of this embodiment shown in
FIGS. 11 and 12A to 12C differs from the light emitting
element 1 of the first embodiment in that the form of the
exposed portion 55 is changed, and together with this, a
second insulating film 32 is provided in addition to the first
insulating film 31. The light emitting element 2 of this
embodiment is substantially the same as the light emitting
element 1 of the first embodiment in other points. The difter-
ences from the first embodiment will be mainly described in
detail below.

In the light emitting element 2 of this embodiment shown
inFIGS. 11 and 12A to 12C, as shown in FIG. 13, the exposed
portions 55 are separated from each other. As can be seen
from comparison with the continuous exposed portion 55 (see
FIG. 3) of the first embodiment, the exposed portions 55 of
this embodiment can be separately provided to thereby dras-
tically decrease the area of the exposed portions 55. The
exposed portions 55 are provided by removing the light emit-
ting layer 52 and the p-type semiconductor layer 53. By
decreasing the area of the exposed portions 55, alarger area of
the light emitting layer 52 can be left. As a result, the light
emitting element 2 in this embodiment can improve the light
emission output.

In providing the n-side extending portion 12 of the n-side
electrode 10, the n-side extending portion 12 is disposed (see
FIG. 17) so as to connect the exposed portions 55 (see FIG.
13) that are separated from each other. At this time, the n-side
extending portion 12 extends from the bottom surface of the
exposed portion 55 (where the n-type semiconductor layer 51
is exposed) through the side surfaces 55¢ of the exposed
portions 55 up to over the upper surface 53a of the p-type
semiconductor layer 53 positioned between two adjacent
exposed portions 55 to reach the adjacent exposed portions 55
(see FIGS. 17 and 18A). The active layer 52 and the p-type
semiconductor layer 53 are exposed on the side surface 55¢ of
the exposed portion 55. Once the n-side extending portion 12
is in contact with the side surface 55c¢, a short circuit will
occur between the n-side extending portion 12 and each of the
layers 52 and 53. If the n-side extending portion 12 extends
above the upper surface 53a of the p-type semiconductor
layer 53 so as to be in direct contact with the p-type semicon-
ductor layer 53, the short circuit will occur between the n-side
extending portion 12 and the p-type semiconductor layer 53.

Inthis embodiment, after forming the exposed portions 55,
on a route where the n-side extending portion 12 is disposed,
the side surface 55¢ of each exposed portion 55 and the upper
surface 534 of the p-type semiconductor layer 53 are covered
by the second insulating film 32 (see FIGS. 12A to 12C, 15,
and 16A to 16C). As a result, when the n-side extending
portion 12 is disposed to connect the exposed portions 55
together, the n-side extending portion 12 can be prevented
from establishing a short circuit in the active layer 52 and
p-type semiconductor layer 53.

In providing the second insulating film 32, openings 32¢
need to be provided in alignment with the positions of the
exposed portions 55 (more precisely, by being aligned with
the positions of the n-type semiconductor layer 51 exposed
with the respective exposed portions 55). Through the open-
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ings 32¢, the n-side extending portion 12 can be connected to
the n-type semiconductor layer 51 exposed within the
exposed portion 55.

The arrangement of the separated exposed portions 55 is
not specifically limited as long as the exposed portions 55 are
arranged along the disposed route of the n-side extending
portion 12. For example, the arrangement of the exposed
portions 55 can be arbitrarily changed or modified according
to the distance between the exposed portions 55, the number
of formed exposed portions 55, and the like. Here, the
exposed portion 55 is preferably displaced from the position
of formation of the n-side pad portion 11 and/or p-side pad
portion 21 (see FIG. 12A).

If'the n-side extending portion 12 is connected to the n-type
semiconductor layer 51 directly under the n-side pad portion
11, current tends to flow from the n-side pad portion 11 to the
n-type semiconductor layer 51 directly under the pad portion
upon energizing the n-side pad portion 11. The light emission
intensity in the vicinity of the n-side pad portion 11 tends to
become high, and therefore the uniformity of the light emis-
sion intensity distribution is likely to degrade. Since the
exposed portion 55 is not provided directly under the n-side
pad portion 11 (that is, the n-side pad portion 11 is disposed
over the p-type semiconductor layer 53 via the first insulating
film 31), the strong light emission in the vicinity of the n-side
pad portion 11 can be suppressed, and the light emission
intensity distribution can be substantially uniform.

The p-side pad portion 21 is also disposed on the first
insulating film 31, which stops current from flowing out of the
p-side pad portion 21 toward the p-type semiconductor layer
53 located directly under the pad portion 21, thereby prevent-
ing the current from centering on a region directly under the
p-side pad portion 21 to render the light emission intensity
distribution substantially uniform.

The exposed portions 55 that are individually separated can
have any shape. Referring to FIG. 13, each exposed portion
55 has a substantially rectangular shape, but it is not limited
thereto. The exposed portion 55 can have any shape (for
example, a circular shape, an elliptical shape, a square shape,
a polygonal shape, or the like). The area of each exposed
portion 55 is preferably set in such a manner that a contact
resistance between the n-side electrode 10 and the n-type
semiconductor layer 51 does not preferably become too high.
For example, the total area of the exposed portions 55 is
preferably 10% or less of the entire area of the light emitting
element 1. The n-side electrode 10 is preferably in contact
with substantially the entire regions of the exposed portions
55.

The manufacturing method of the light emitting element 2
in this embodiment will be described in detail below with
reference to FIGS. 11 to 22C.

1. Formation of Semiconductor Laminate 50

Similarly to the first embodiment, the semiconductor lami-
nate 50 is formed over the upper surface 60a of the substrate
60, and then the p-type semiconductor layer 53 and the light
emitting layer 52 are partly removed to form the exposed
portions 55 (see FIGS. 13 and 14A to 14C). The form of the
exposed portion 55 in this embodiment differs from that in the
first embodiment. The exposed portions 55 are formed sepa-
rately (see FIGS. 13 and 14A to 14C).

2. Formation of Second Insulating Film 32

Unlike the first embodiment, the second insulating film 32
is formed. The second insulating film 32 is provided on a
route where the n-side extending portion 12 is disposed to
cover the side surface 55¢ of the exposed portion 55 and the
upper surface 53a of the p-type semiconductor layer 53 (see
FIGS. 15 and 16A to 16C). The openings 32 are provided in
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the second insulating film 32¢ in alignment with the positions
of'the exposed portions 55. The n-side extending portion 12 to
be formed later can be connected to the n-type semiconductor
layer 51 exposed within each exposed portion 55 through the
opening 32c.

3. Formation of N-Side Extending Portion 12

Similarly to the first embodiment, the n-side extending
portions 12 (121 to 123) are formed (see FIGS. 17 and 18A to
18C). The n-side extending portion 12 of this embodiment
differs from that of the first embodiment in that the n-side
extending portion 12 is formed to cover not only the n-type
semiconductor layer 51 exposed on the bottom surface of the
exposed portion 55, but also the second insulating film 32
covering the side surfaces 55¢ of the exposed portions 55 and
the upper surface 53a of the p-type semiconductor layer 53.
As mentioned above, the n-side extending portion 12 is elec-
trically connected to the n-type semiconductor layer 51
within each exposed portion 55 through the opening 32¢
formed in the second insulating film 32.

4. Formation of First Insulating Film 31

Similarly to the first embodiment, the first insulating film
31 is formed to cover the n-side extending portion 12 (see
FIGS. 19 and 20A to 20C). The first insulating film 31 of'this
embodiment covers not only the n-side extending portion 12
provided within the exposed portion 55, but also the n-side
extending portion 12 provided over the p-type semiconductor
layer 53 via the second insulating film 32. The first insulating
film 31 is provided with the opening 31c¢ from which the
n-side extending portion 12 is partly exposed.

5. Formation of Translucent Electrode 25

Similarly to the first embodiment, the translucent electrode
25 is formed to cover all of the upper surface 53a of the p-type
semiconductor layer 53 and the upper surface 31a of the first
insulating film 31 (see FIGS. 21 and 22A to 22C). The trans-
lucent electrode 25 of this embodiment is formed to cover
substantially the entire second insulating film 32 from the top
view (see FIG. 22A to 22C).

Similarly to the first embodiment, the opening 25¢ is
formed in the translucent electrode 25, and the n-side extend-
ing portion 12 is partially exposed from the opening 25¢ ofthe
translucent electrode 25 through the opening 25¢ and the
opening 31c¢ of the first insulating film 31 (see FIG. 22A).

6. Formation of P-Side Electrode 20 (P-Side Pad Portion 21
and P-Side Extending Portion 22) and N-Side Pad Portion 11

Similarly to the first embodiment, the p-side electrode 20
(p-side pad portion 21 and p-side extending portion 22) and
the n-side pad portion 11 are formed. The n-side pad portion
11 is formed at a position on the upper surface 53a of the
p-type semiconductor layer 53 via the second insulating film
32, and the p-side pad portion 21 is formed at a position on the
upper surface 53a of the p-type semiconductor layer 53 via
the second insulating film 32, the n-side extending portion 12,
the first insulating film 31 and the translucent electrode 25.

The obtained light emitting element 2 in this embodiment
can decrease the area of the exposed portions 55 as compared
to the area of the exposed portion 55 of the first embodiment,
thereby further improving the light emission output. In par-
ticular, in the large-sized light emitting element, the n-side
extending portion 12 is set longer so as to spread the current
across the entire element. In this case, if the exposed portion
55 is formed over the entire region where the n-side extending
portion 12 is provided in the same way as the first embodi-
ment, the total area of the exposed portion 55 might be exces-
sively large. On the other hand, in this embodiment, a plural-
ity of the exposed portions 55 can be provided at appropriate
intervals by taking into consideration the diffusion of current.
As aresult, the area of the exposed portions 55 can be reduced
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while entirely spreading the current, thereby sufficiently
improving the light emission output.

A part of the n-side extending portion 12 is formed at a
position on the p-type semiconductor layer 53 via the second
insulating film 32 in this embodiment. Therefore, if a crack or
gap is generated in the second insulating film 32, the n-side
extending portion 12 and the p-type semiconductor layer 53
are likely to short-circuit. The insulating film is formed twice,
which means the number of manufacturing steps is increased
by onetime. The first embodiment is considered more advan-
tageous than this embodiment on these points.

Third Embodiment

FIGS. 23 to 36C

A light emitting element 3 of this embodiment shown in
FIGS. 23 and 24A to 24C differs from the light emitting
element 2 of the second embodiment in that the translucent
electrode 25 is formed in two steps (for a first transparent
conductive layer 251, and a second transparent conductive
layer 252). In other points, the light emitting element 3 of this
embodiment is substantially the same as the light emitting
element 2 of the second embodiment. Differences from the
second embodiment will be mainly described in detail below.

In the first and second embodiments, after forming the
n-side extending portion 12, the translucent electrode 25 is
formed. When the translucent electrode 25 is formed of con-
ductive oxide, such as ITO, as mentioned in the first embodi-
ment, heat treatment can be carried out after formation of the
translucent electrode 25 to thereby reduce the contact resis-
tance between the translucent electrode 25 and the p-type
semiconductor layer 53, and to increase the transparency of
the translucent electrode 25. However, the heat treatment
might adversely affect the n-side extending portion 12. For
example, if the n-side extending portion 12 is formed of a
multi-layered metal film, and an Al layer having a high reflec-
tivity is positioned near the lower surface side thereof, this
can increase the reflectivity of the lower surface of the n-side
extending portion 12. In this case, the heat treatment can
transform the Al layer into an alloyed layer that is alloyed by
another metal layer included in the multi-layered metal film.
Reflectivity of an Al alloy is usually lower than the reflectivity
of'an Al element. When the Al layer is alloyed to decrease the
reflectivity of the lower surface of the n-side extending por-
tion 12 in this way, the amount of absorption of the light is
increased. As a result, the light emission output from the light
emitting element may be decreased.

The heat treatment for the translucent electrode 25 needs to
be performed at a relatively high treatment temperature (for
example, preferably, in a range of 200° C. to 650° C., and
more preferably, in a range of 400° C. to 650° C.) in order to
reduce the contact resistance between the translucent elec-
trode 25 and the p-type semiconductor layer 53. The high
treatment temperature tends to promote alloying of the Al
element. On the other hand, in order to enhance the transpar-
ency to the same degree, as in the case of using the normal
face-up mounted light emitting element, a relatively low heat
treatment temperature (for example, in a range of 200° C. to
350° C.) is also enough. Such a low treatment temperature
hardly promotes alloying of the Al element.

In the form of'the light emitting element in the one embodi-
ment of the present invention, the translucent electrode 25 is
provided on the upper surface side of the n-side extending
portion 12. For this reason, the translucent electrode 25 needs
to be formed after the formation of the n-side extending
portion 12.
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In this particular embodiment, the translucent electrode 25,
made of conductive oxide, is formed in two steps, namely,
before and after formation of the n-side extending portion 12,
thereby solving this problem. Specifically, before formation
of'the n-side extending portion 12, in a region in contact with
the p-type semiconductor layer 53, the first transparent con-
ductive layer 251 is formed (see FIGS. 29 and 30A to 30C),
and then the heat treatment is performed at a high temperature
(a first temperature) for reducing the contact resistance. After
formation of the n-side extending portion 12, in a region not
covered by the first transparent conductive layer 251 (mainly
in the region on the upper side of the n-side extending portion
12), a second transparent conductive layer 252 is formed (see
FIGS. 35 and 36A to 36C), and then the heat treatment is
performed at a low temperature (a second temperature) for
increasing the transparency. Finally, one continuous translu-
cent electrode 25 is configured by the first transparent con-
ductive layer 251 and the second transparent conductive layer
252.

In this way, the translucent electrode 25 is formed in two
steps, which can suppress the influence of alloying of the
n-side extending portion 12, while reducing the contact resis-
tance between the translucent electrode 25 and the p-type
semiconductor layer 53. In addition, the light emitting ele-
ment 3 having the translucent electrode 25 whose entire sur-
face is transparent can be provided. The contact resistance can
be reduced to suppress the element resistance of the entire
light emitting element, thereby improving the power effi-
ciency. Further, the alloying or the like of the n-side extending
portion 12 can be suppressed, and therefore the absorption of
the light in the n-side extending portion 12 can be reduced and
the light extraction efficiency can be improved. Since the
entire surface of the translucent electrode 25 is transparent,
the light extraction efficiency can be improved.

Therefore, the light emitting element 3 in this embodiment
can improve the power efficiency and the light extraction
efficiency.

The manufacturing method of the light emitting element 3
in this embodiment will be described in detail below with
reference to FIGS. 23 to 36C.

1. Formation of Semiconductor Laminate 50

Similarly to the second embodiment, the semiconductor
laminate 50 is formed on the upper surface 60a of the sub-
strate 60, and then the p-type semiconductor layer 53 and the
light emitting layer 52 are partly removed to form the exposed
portions 55 (see FIGS. 25 and 26A to 26C).

2. Formation of Second Insulating Film 32

Similarly to the second embodiment, the second insulating
film 32 is formed. The second insulating film 32 is provided
on a route where the n-side extending portion 12 is disposed
to cover the side surface 55¢ of the exposed portion 55 and the
upper surface 53a of the p-type semiconductor layer 53 (see
FIGS. 27 and 28A to 28C). The openings 32 are provided in
the second insulating film 32¢ in alignment with the positions
of the exposed portions 55.

3. Formation of First Transparent Conductive Layer 251

Unlike the second embodiment, the first transparent con-
ductive layer 251 made of conductive oxide, such as ITO, is
formed to cover the upper surface 53a of the p-type semicon-
ductor layer 53 (see FIGS. 29 and 30A to 30C). As shown in
the figures, the first transparent conductive layer 251 may
extend on the outer edge of the second insulating film 32 so as
to ensure contact with the second transparent conductive
layer 252 to be formed later.

After forming the first transparent conductive layer 251,
the heat treatment is performed at the first temperature (for
example, in a range of 400° C. to 650° C.) so as to reduce the
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contact resistance between the first transparent conductive
layer 251 and the p-type semiconductor layer 53. The first
temperature is so high that the heat treatment performed at the
first temperature can also achieve the increase in transparency
of'the first transparent conductive layer 251 at the same time.
4. Formation of N-Side Extending Portion 12

Similarly to the second embodiment, the n-side extending
portions 12 (121 to 123) are formed (see FIGS. 31 and 32A to
320C). The n-side extending portion 12 is electrically con-
nected to the n-type semiconductor layer 51 within each
exposed portion 55 through the opening 32¢ provided in the
second insulating film 32.

A clearance is formed between the n-type semiconductor
layer 51 and the first transparent conductive layer 251 such
that the n-type semiconductor layer 51 is not in contact with
the first transparent conductive layer 251.

5. Formation of First Insulating Film 31

Similarly to the second embodiment, the first insulating
film 31 is formed to cover the n-side extending portion 12 (see
FIGS. 33 and 34A to 34C). The first insulating film 31 is
provided with the opening 31¢ from which the n-side extend-
ing portion 12 is partly exposed. When the first insulating film
31 is formed, the clearance between the n-type semiconductor
layer 51 and the first transparent conductive layer 251 maybe
filled with the first insulating film 31. As a result, the n-type
semiconductor layer 51 can be surely insulated from the first
transparent conductive layer 251 by the first insulating film 31
(see FIG. 34C).

6. Formation of Second Transparent Conductive Layer 252

Unlike the second embodiment, the second transparent
conductive layer 252 made of conductive oxide, such as ITO,
is formed to cover the upper surface 31a of the first insulating
film 31 (see FIGS. 35 and 36A to 36C). The first transparent
conductive layer 251 is already provided on the upper surface
53a of the p-type semiconductor layer 53, and therefore the
first transparent conductive layer 251 does not need to be
covered by the second transparent conductive layer 252.
However, the first transparent conductive layer 251 needs to
be in contact and in electrical conduction with the second
transparent conductive layer 252. When the first transparent
conductive layer 251 extends to the outer edge of the second
insulating film 32, the second insulating film 32 can be cov-
ered by the second transparent conductive layer 252, so that
the second transparent conductive layer 252 can be in contact
with the first transparent conductive layer 251. In order to
surely establish connection between the first transparent con-
ductive layer 251 and the second transparent conductive layer
252, the outer edge of the second transparent conductive layer
252 can also be superimposed over the outer edge of the first
transparent conductive layer 251 (see FIGS. 36B and 36C).

After forming the second transparent conductive layer 252,
the heat treatment is performed at the second temperature (for
example, in a range of 200° C. to 350° C.) lower than the first
temperature so as to enhance the transparency of the second
transparent conductive layer 252. In this way, the translucent
electrode 25 is formed by the first transparent conductive
layer 251 and the second transparent conductive layer 252.
The heat treatment at the second temperature may be per-
formed at any stage until the light emitting element 3 is
completed after forming the second transparent conductive
layer 252, and, for example, can also be performed after
formation of the n-side electrode 10 and p-side electrode 20.
Because of its low transparency, the second transparent con-
ductive layer 252 is not preferably superimposed over the
region where the first transparent conductive layer 251 is
directly in contact with the p-type semiconductor layer 53
serving as the main light extraction surface from the top view.
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Specifically, the second transparent conductive layer 252 is
preferably formed only above the first insulating film 31 and
the second insulating film 32.

7. Formation of P-Side Electrode 20 (P-Side Pad Portion 21
and P-Side Extending Portion 22) and N-Side Pad Portion 11

Similarly to the second embodiment, the p-side electrode
20 (p-side pad portion 21 and p-side extending portion 22)
and the n-side pad portion 11 are formed (see FIGS. 23 and
24A to 24C).

In the obtained light emitting element 3 of this embodi-
ment, as compared to the first and second embodiments, the
heat treatment at the relatively high temperature for reducing
the contact resistance between the translucent electrode 25
and the p-type semiconductor layer 53 can be performed
before forming the n-side electrode 10. Therefore, the metal
material (such as Al) used in the n-side electrode 10 is sup-
pressed from alloying due to the high-temperature treatment,
thereby keeping the reflectivity of the n-side electrode 10
high. As a result, the absorption of light in the n-side electrode
10 can be suppressed and the light extraction efficiency can be
improved.

Fourth Embodiment
FIGS. 37 to 50C

A light emitting element 4 of this embodiment shown in
FIGS. 37 and 38A to 38C differs from the light emitting
element 3 of the third embodiment in that the forms of the
n-side electrode 10 and the p-side electrode 20 are changed.
Further, this embodiment also differs from the third embodi-
ment in that a metal reflective film 40 completely insulated
from the semiconductor laminate 50, n-side electrode 10, and
p-side electrode 20 is provided directly under the p-side pad
portion 21 of the p-side electrode 20. In other points, the light
emitting element 4 of this embodiment is substantially the
same as the light emitting element 3 of the third embodiment.
The differences from the third embodiment will be mainly
described in detail below.

In the light emitting element 4 of this embodiment shown
in FIGS. 37 and 38A to 38C, the n-side extending portion 12
of'the n-side electrode 10 is formed in a substantially square
shape. The n-side pad portion 11 is connected to the vicinity
of the vertex of the substantially square shape of the n-side
extending portion 12. Similarly to the n-side extending por-
tion 12, the p-side extending portion 22 of the p-side electrode
20 is shaped in a substantially square shape, and is disposed to
be superimposed over the n-side extending portion 12. The
p-side pad portion 21 is connected to the vicinity of the vertex
of the substantially square shape of the p-side extending
portion 22. The vertex connected to the n-side pad portion 11
and the vertex connected to the p-side pad portion 21 are
opposed to each other in a substantially square shape formed
by the n-side extending portion 12 and p-side extending por-
tion 22.

In this embodiment, the p-side pad portion 21 is disposed
not to be superimposed over the n-side electrode 10 from the
top view. Instead, the p-side pad portion 21 is superimposed
over the metal reflective film 40 from the top view.

The metal reflective film 40 is a film having its lower
surface with a high reflectivity. For example, the metal reflec-
tive film 40 has a layer made of metal material (e.g., Al)
having high reflectivity with respect to the light emitted from
the semiconductor laminate 50 at least in the vicinity of its
lower surface. The metal reflective film 40 is a member
formed over the second insulating film 32 in an island-like
shape (see F1G. 45), a d covered by the first insulating film 31
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(see FIGS. 38C, 47, and 48A to 48C). As a result, the metal
reflective film 40 is insulated from the n-type semiconductor
layer 51 and the p-type semiconductor layer 53. The metal
reflective film 40 is isolated from the n-side electrode 10 (see
FIGS. 45 and 46 A to 46C), and therefore is insulated from the
n-side electrode 10. That is, in this embodiment, the metal
reflective film 40 is insulated not only from the semiconduc-
tor laminate 50 including the n-type semiconductor layer 51
and the p-type semiconductor layer 53, but also from the
n-side electrode 10 and the p-side electrode 20.

The metal reflective film 40 is superimposed over the
p-side pad portion 21. Therefore, when a metal wire is wire-
bonded to the p-side pad portion 21, the metal reflective film
40 can absorb the impact of the wire bonding so as to reduce
the damage to the semiconductor laminate 50. Assuming that
a crack or gap is generated in the first insulating film 31
directly under the p-side pad portion 21 due to the impact at
the time of wire bonding, the p-side pad portion 21 is likely to
be in contact with the metal reflective film 40. However, the
metal reflective film 40 is configured to be insulated from the
n-side electrode 10 and the semiconductor laminate 50.
Therefore, even though the p-side pad portion 21 is in contact
with the metal reflective film 40, a short circuit is prevented.
The metal reflective film 40 and the p-side pad portion 21 can
be substantially superimposed over each other, thereby reduc-
ing the light reaching the p-side pad portion 21.

The n-side extending portion 12 and the metal reflective
film 40 are separated from each other with a clearance ther-
ebetween. The p-side electrode 20 is located directly above
the clearance, so that there is a higher possibility that the light
propagating through the semiconductor laminate 50 reaches
the p-side electrode 20, as compared to the first to third
embodiments. The absorption of the light in the p-side elec-
trode 20 is preferably sufficiently suppressed by decreasing
the clearance as much as possible. In particular, from the top
view, the ratio of a part of the p-side electrode 20 superim-
posed over the n-side electrode 20 or metal reflective film 40
to the entire p-side electrode 20 is preferably 90% or more.

The manufacturing method of the light emitting element 4
in this embodiment will be described in detail below with
reference to FIGS. 37 to 50C.

1. Formation of Semiconductor Laminate 50

Similarly to the second and third embodiments, the semi-
conductor laminate 50 is formed over the upper surface 60a of
the substrate 60, and then the p-type semiconductor layer 53
and the light emitting layer 52 are partly removed to form the
exposed portions 55 (see FIGS. 39 and 40 A to 40C). The form
of'the exposed portion 55 in this embodiment differs from that
in each of the second and third embodiments. The four strip-
like exposed portions 55 are formed (see FIG. 39).

2. Formation of Second Insulating Film 32

Similarly to the second and third embodiments, the second
insulating film 32 is formed. The second insulating film 32 is
provided on a route where the n-side extending portion 12 is
disposed to cover the side surface 55¢ of the exposed portion
55 and the upper surface 53a of the p-type semiconductor
layer 53 (see FIGS. 41 and 42A to 42C). In the second insu-
lating film 32, the openings 32¢ are provided in alignment
with the positions of the exposed portions 55.

3. Formation of First Transparent Conductive Layer 251

Similarly to the third embodiment, the first transparent
conductive layer 251 is formed to cover the upper surface 53a
of the p-type semiconductor layer 53 (see FIGS. 43 and 44A
to 44C).

When the first transparent conductive layer 251 is made of
conductive oxide, such as ITO, heat treatment is performed at
the first temperature (for example, in a range of 400° C. to
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650° C.) so as to reduce the contact resistance between the
first transparent conductive layer 251 and the p-type semi-
conductor layer 53 after forming the first transparent conduc-
tive layer 251.

4. Formation of N-Side Extending Portion 12 and Metal
Reflective Film 40

Similarly to the third embodiment, the n-side extending
portions 12 are formed (see FIGS. 45 and 46A to 46C).
Then-side extending portion 12 is electrically connected to
the n-type semiconductor layer 51 within each exposed por-
tion 55 through the opening 32¢ formed in the second insu-
lating film 32.

A clearance is formed between the n-type semiconductor
layer 51 and the first transparent conductive layer 251 such
that the n-type semiconductor layer 51 is not in contact with
the first transparent conductive layer 251.

Unlike the third embodiment, in this embodiment, the
metal reflective film 40 is also formed separately from the
n-side extending portion 12 when the n-side extending por-
tion 12 is formed. The metal reflective film 40 is formed, for
example, using the same material as that of the n-side extend-
ing portion 12 at the same time as the n-side extending portion
12. The metal reflective film 40 is formed over the second
insulating film 32, and insulated from the n-type semiconduc-
tor layer 51 and the p-type semiconductor layer 53.

5. Formation of First Insulating Film 31

Similarly to the third embodiment, the first insulating film
31 is formed to cover the n-side extending portion 12 (see
FIGS. 47 and 48A to 48C). The first insulating film 31 is
provided with the opening 31c¢ from which the n-side extend-
ing portion 12 is partly exposed. Unlike the third embodi-
ment, the first insulating film 31 also covers the metal reflec-
tive film 40.

When the first insulating film 31 is formed, the clearance
between the n-type semiconductor layer 51 and the first trans-
parent conductive layer 251 may be filled with the first insu-
lating film 31. As a result, then-type semiconductor layer 51
can be surely insulated from the first transparent conductive
layer 251 by the first insulating film 31 (see FIG. 48A). In
addition, a clearance between the n-side extending portion 12
and the metal reflective film 40 may be filled with the first
insulating film 31 and therefore surely insulate the n-side
extending portion 12 from the metal reflective film 40 by the
first insulating film 31 (see FIG. 48C).

6. Formation of Second Transparent Conductive Layer 252

Similarly to the third embodiment, the second transparent
conductive layer 252 is formed to cover the upper surface 31a
of'the first insulating film 31 (see FIGS. 49 and 50A to 50C).
7. Formation of P-Side Electrode 20 (P-Side Pad Portion 21
and P-Side Extending Portion 22) and N-Side Pad Portion 11

Similarly to the third embodiment, the p-side electrode 20
(p-side pad portion 21 and p-side extending portion 22) and
the n-side pad portion 11 are formed (see FIGS. 37 and 38A
to 38C).

Unlike the first to third embodiments, the obtained light
emitting element 4 of this embodiment includes the metal
reflective film 40 disposed directly under the p-side pad por-
tion 21, and insulated from the semiconductor laminate 50
and the electrodes 10 and 20. Although a crack or gap may be
generated in the first insulating film 31 located between the
p-side pad portion 21 and the metal reflective film 40 by
impact at the time of wire bonding and therefore the p-side
pad portion 21 and the metal reflective film 40 are in contact
with each other, the p-side pad portion 21 is prevented from
short-circuiting through the metal reflective film 40.
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Suitable materials for the respective components of the
light emitting elements in the first to fourth embodiments will
be described below.

N-Side Electrode 10

The n-side extending portion 12 and the n-side pad portion
11 which are included in the n-side electrode 10 can be
formed of the same material, but may be formed of different
materials. For example, similarly to the p-side electrode 20
mentioned below, the n-side extending portion 12 and the
n-side pad portion 11 can also be integrally formed of the
same material.

The n-side electrode 10 preferably has its lower surface
having high reflectivity. Specifically, the layer made of metal
material having a high reflectivity for the light emitted from
the semiconductor laminate 50 is preferably disposed near the
lower surface of the n-side electrode 10 (lower surface of the
n-side extending portion 12). In order to prevent the first
insulating film 31 covering the upper surface of the n-side
extending portion 12 from being peeled off, the upper surface
of'the n-side extending portion 12 is preferably made of metal
material having excellent adhesion with an insulating mate-
rial (for example, Si0,). For example, the n-side extending
portion 12 may have a multi-layered structure including a
plurality of metal layers, namely, a lower side metal layer
with high reflectivity disposed near its lower surface, and an
upper side metal layer having excellent adhesion with the first
insulating film 31 and disposed at its uppermost surface.
Suitable materials for the lower side metal layer can include
Al, Ag, and the like. Suitable materials for the upper side
metal layer can include Ti, Ni, Cr, Al, and the like.

One example of the metal laminate structure forming the
n-side extending portion 12 is a laminate structure including
Al, Ti, Pt, and Ti that are stacked from a side of the n-type
semiconductor layer 51 in this order.

The n-side pad portion 11 preferably includes, at its upper-
most surface, a metal material having excellent adhesion with
a member used for external connection, such as a metal wire
orthe like. Suitable material for the n-side pad portion 11 can
include Au.

When the n-side extending portion 12 and the n-side pad
portion 11 are separately provided, the uppermost surface of
the n-side extending portion 12 can be formed using metal
material (for example, Ti) having excellent adhesion with the
first insulating film 31, and the uppermost surface of the
n-side pad portion 11 can be formed using metal material (for
example, Au) having excellent adhesion with the metal wire
or the like, so that the n-side electrode 10 having excellent
adhesion with both the first insulating film 31 and the metal
wire or the like can be formed.

P-Side Electrode 20

The p-side extending portion 22 and the p-side pad portion
21 which are included in the p-side electrode 20 can be
formed of the same material. For example, the p-side extend-
ing portion 22 and the p-side pad portion 21 may be integrally
formed together. The p-side electrode 20 is preferably formed
using metal material having low contact resistance with the
translucent electrode 25. When the p-side electrode 20 is
formed by a multi-layered structure, including a plurality of
metal layers, the lowermost metal layer is made of such metal
material. Similarly to the n-side electrode 10, the uppermost
surface is preferably formed of metal material having excel-
lent adhesion with the metal wire or the like.

The p-side electrode 20 can be formed, for example, by
laminating Ti, Rh, and Au from the p-type semiconductor
layer 52 side in this order.

A region where the translucent electrode 25 is in direct
contact with the p-type semiconductor layer 53 serves as a
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main light extraction surface of the semiconductor light emit-
ting element, so the p-side electrode 20 is preferably provided
not to be superimposed over this region from the top view.
Specifically, the p-side electrode 20 is preferably formed only
over the first insulating film 31.

Translucent Electrode 25

The translucent electrode 25 can be formed of translucent
conductive material, preferably, conductive oxides. The con-
ductive oxides can include, for example, ZnO, In,O;, indium-
tin-oxide (ITO), SfO,, MgO, and the like. Particularly, ITO is
preferable because of a high light transmission performance
in the visible radiation (visual region), and a high electric
conductivity.

First Insulating Film 31, Second Insulating Film 32

The first insulating film 31 and the second insulating film
32 are formed of an insulating film, and preferably, formed of
an oxide film. The first insulating film 31 and the second
insulating film 32 can be formed by, for example, a silicon
dioxide (Si0,), and a Zr oxide film (ZrO,). The second insu-
lating film 32 may be formed by a dielectric reflective film, for
example, a multi-layered film including SiO,/Nb,Os. The
second insulating film 32 formed by the dielectric reflective
film can reflect the light propagating through the semicon-
ductor laminate 50, and therefore the absorption of the light in
the n-side extending portion 12 can be reduced. The insulat-
ing film 32 serving as the reflective film is preferably formed
in the same shape as that of the n-side extending portion 12 as
shown in FIG. 15 or the like in order to prevent an increase in
light shielding area.

Semiconductor Laminate 50

The semiconductor laminate 50 can be formed of various
semiconductor materials. For example, the semiconductor
laminate 50 can be formed of a gallium nitride-based com-
pound semiconductor represented by the general formula of
In Al Ga, . N (0Osx<l, O<y=l, O=x+ysl). Specifically, the
semiconductors can be, for example, GaN, AlGaN, InGaN,
AlGalnN, and the like represented by the above-mentioned
general formula.

The n-type semiconductor layer 51 can be formed by, for
example, a gallium nitride-based compound semiconductor
containing, for example, Si, Ge, O, or the like as an n-type
impurity.

The light emitting layer 52 can be formed by, for example,
InGaN.

The p-type semiconductor layer 53 can be formed by, for
example, a gallium nitride-based compound semiconductor
containing, for example, Mg as a p-type impurity.

The semiconductor laminate 50 may include any other
layer in addition to the n-type semiconductor layer 51, the
light emitting layer 52, and the p-type semiconductor layer
53. For example, the semiconductor laminate 50 may include
an undoped layer formed without containing an n-type impu-
rity and a p-type impurity.

Substrate 60

As the substrate 60, an insulating substrate such as a sap-
phire substrate (Al,O,) with any ofa C plane, an A plane, and
an R plane as a main surface is typically used. SiC (6H, 4H or
3C), silicon, ZnS, ZnO, GaAs, or nitride semiconductor
(GaN, AIN, or the like) may be used as a material for the
substrate.

The surface 60a of the substrate 60 may be a flat surface,
but alternatively may be provided with pits or protrusions that
can effectively take out the light repeatedly reflected within
the semiconductor laminate 50.

The first to fourth embodiments embody the light emitting
element having a substantially square shape in which the
extending electrodes 12 and 22 are disposed in a substantially
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square shape and the two pad portions 11 and 21 are provided.
However, the present invention is not limited thereto, and
various modifications and changes can be made to these
embodiments. For example, the rectangular light emitting
element can also include extending electrodes that are dis-
posed in any shape (e.g., in a grid pattern, in a circular shape,
or the like), and three or more pad portions.

What is claimed is:

1. A semiconductor light emitting element comprising:

a lower surface side and an upper surface side, the upper

surface side being a light emitting surface side;

a first conductive type semiconductor layer having one of

n-type conductivity and p-type conductivity;
a light emitting layer;
a second conductive type semiconductor layer having the
other of n-type conductivity and p-type conductivity;

the first conductive type semiconductor layer, the light
emitting layer and the second conductive type semicon-
ductor layer being disposed in this order from the lower
surface side of the light emitting element toward the
upper surface side thereof;

afirst electrode provided on the first conductive type semi-

conductor layer, the first electrode including a first pad
portion and a first extending portion extending from the
first pad portion;

a first insulating film covering the first extending portion;

atranslucent electrode connected to an upper surface of the

second conductive type semiconductor layer and
extending over the first insulating film; and

asecond electrode connected to the translucent electrode at

a position on the first insulating film, the second elec-
trode including a second pad portion, and a second
extending portion extending from the second pad por-
tion along the first extending portion so as to be super-
imposed over the first extending portion; wherein the
first electrode is located directly under the second pad
portion.

2. The semiconductor light emitting element according to
claim 1, wherein, in a top view, 90% or more of an area of the
second electrode is superimposed over the first electrode.

3. The semiconductor light emitting element according to
claim 2, wherein at least one of the first extending portion and
the second extending portion has a plurality of parts extend-
ing in the same direction.

4. The semiconductor light emitting element according to
claim 1, wherein the first electrode is provided on an exposed
portion, the first conductive type semiconductor layer being
exposed within the exposed portion.

5. The semiconductor light emitting element according to
claim 4,

wherein the first electrode extends from on the exposed

portion to the upper surface of the second conductive
type semiconductor layer, and

wherein the semiconductor light emitting element further

comprises a second insulating film disposed between the
first electrode and the second conductive type semicon-
ductor layer so as to insulate therebetween.

6. The semiconductor light emitting element according to
claim 5, wherein the first pad portion is disposed over the
second conductive type semiconductor layer with the second
insulating film therebetween.

7. The semiconductor light emitting element according to
claim 1,

wherein, in a top view, the second pad portion is disposed

so as not to be superimposed over the first electrode, and
wherein the semiconductor light emitting element further
comprises a metal reflective film directly under the sec-
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ond pad portion, the metal reflective film being insulated
from the first conductive type semiconductor layer and
the second conductive type semiconductor layer.

8. The semiconductor light emitting element according to
claim 1,

wherein the first extending portion is formed of a lower
metal layer, and

wherein the first pad portion is formed of an upper metal
layer provided on the lower metal layer.

9. The semiconductor light emitting element according to
claim 1, wherein at least one of the first extending portion and
the second extending portion has a plurality of parts extend-
ing in the same direction.

10. A method for manufacturing a semiconductor light
emitting element, comprising:

forming a first conductive type semiconductor layer, a light

emitting layer and a second conductive type semicon-
ductor layer in this order;

forming a first electrode contacting an exposed portion
formed by partly removing the second conductive type
semiconductor layer and the light emitting layer so as to
expose the first conductive type semiconductor layer, the
first electrode including a first pad portion and a first
extending portion extending from the first pad portion;

forming a first insulating film covering the first extending
portion;

forming a translucent electrode connected to an upper sur-
face of the second conductive type semiconductor layer
and extending over the first insulating film; and

forming a second electrode connected to the translucent
electrode at a position on the first insulating film, the
second electrode including a second pad portion and a
second extending portion extending from the second pad
portion along the first extending portion so as to be
superimposed over the first extending portion; wherein
the first electrode is formed directly under the second
pad portion.

11. The method according to claim 10, wherein the step of

forming the translucent electrode comprises:

forming a first transparent conductive layer made of con-
ductive oxide on the upper surface of the second con-
ductive type semiconductor layer; and

forming a second transparent conductive layer made of
conductive oxide on the first insulating film so as to
connect the first transparent conductive layer to the sec-
ond electrode.

12. The method according to claim 11, further comprising:

before the step of forming the first electrode and the step of
forming the second electrode, heat treating the first
transparent conductive layer at a first temperature; and

after the step of forming the first electrode and the step of
forming the second electrode, heat treating the second
transparent conductive layer at a second temperature
lower than the first temperature.

13. A semiconductor light emitting element comprising:

a lower surface side and an upper surface side, the upper
surface side being a light emitting side;

an n-type semiconductor layer;
a light emitting layer;

a p-type semiconductor layer;
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the n-type semiconductor layer, the light emitting layer and
the p-type semiconductor layer being disposed in this
order from the lower surface side of the light emitting
element toward the upper surface side thereof;

a first electrode provided on the n-type semiconductor
layer, the first electrode including a first pad portion and
a first extending portion extending from the first pad
portion;

a first insulating film covering the first extending portion;

an indium-tin-oxide (ITO) layer connected to an upper
surface of the p-type semiconductor layer and extending
over the first insulating film; and

a second electrode connected to the ITO layer at a position
on the first insulating film, the second electrode includ-
ing a second pad portion, and a second extending portion
extending from the second pad portion along the first
extending portion so as to be superimposed over the first
extending portion; wherein the first electrode is located
directly under the second pad portion.

14. The semiconductor light emitting element according to

claim 13, wherein, in a top view, 90% or more of an area of the
second electrode is superimposed over the first electrode.
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15. The semiconductor light emitting element according to
claim 14,

wherein the first electrode is provided on an exposed por-
tion, the n-type semiconductor layer being exposed
within the exposed portion,

wherein the first electrode extends from on the exposed
portion to the upper surface of the p-type semiconductor
layer, and

wherein the semiconductor light emitting element further
comprises a second insulating film disposed between the
first electrode and the p-type semiconductor layer so as
to insulate therebetween.

16. The semiconductor light emitting element according to

claim 15,

wherein, in the top view, the second pad portion is disposed
so as not to be superimposed over the first electrode, and

wherein the semiconductor light emitting element further
comprises a metal reflective film directly under the sec-
ond pad portion, the metal reflective film being insulated
from the n-type semiconductor layer and the p-type
semiconductor layer.
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